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Banks' Monitoring and Profitability of Borrowing Firms 
 
Masayo Tomiyama, Kyoji Fukao, Qing-yuan Sui, and Kiyohiko G. Nishimura 
 
We constructed measures representing the magnitude of Japanese banks' monitoring 
activities and tested two competing hypotheses about nature of banks' monitoring, (1) 
the monitoring improved profitability of borrowing firms and (2) it simply "screened" 
out unprofitable firms, by using the data of all Japanese corporations listed in the Tokyo 
Stock Exchange between 1986 and 1997. The result was inconsistent with the 
profitability-improving hypothesis of banks' active involvement in borrowing firms, and 
strongly suggested the banks' passive role as a screening device.  1 




































զʑ͸ Bartel and Sicherman (1999) ͕ถࠃʹ͓͚Δ࢈ۀؒͷ௞ۚϓϨϛΞϜ֨ࠩͷݪҼΛௐ΂Δͨ









2  ೔ຊ͸ϝΠϯόϯΫ੍౓ͳͲΛ௨ͯ͡ɺ ถӳͷۚ༥γεςϜͱൺֱͯ͠ϢχʔΫͳ৘ใੜ࢈ମ੍Λங͍͖ͯ












̎ɽۜߦͷ৘ใੜ࢈ɾ৹ࠪ׆ಈʹؔ͢Δैདྷͷݚڀ ̎ɽۜߦͷ৘ใੜ࢈ɾ৹ࠪ׆ಈʹؔ͢Δैདྷͷݚڀ ̎ɽۜߦͷ৘ใੜ࢈ɾ৹ࠪ׆ಈʹؔ͢Δैདྷͷݚڀ ̎ɽۜߦͷ৘ใੜ࢈ɾ৹ࠪ׆ಈʹؔ͢Δैདྷͷݚڀ 
զ͕ࠃۜߦͷ৘ใੜ࢈ػೳʹؔ͢Δैདྷͷ࣮ূݚڀ͸ɺ ͓Αͦ࣍ͷ 5 ͭͷάϧʔϓʹ෼͚Δ͜ͱ
͕Ͱ͖Α͏ɻ 
 




ͨͱ͑͹اۀूஂͷϝϯόʔاۀͱಠཱܥاۀͷύϑΥʔϚϯεΛൺֱͨ͠ Caves and Uekusa 




࠷ۙͰ͸Weinstein and Yafeh (1998)  ͕Dodwell Marketing ConsultantsͷIndustrial Groupings in Japan
ͷاۀ෼ྨʹैͬͯɺۜߦΛத֩ͱ͢Δاۀूஂʹଐ͢Δاۀͱಠཱܥاۀͷച্ߴܦৗརӹ཰Λ
ൺֱ͠ɺଞͷཁҼΛίϯτϩʔϧ্ͨ͠Ͱ΋ɺاۀूஂʹଐ͢Δاۀͷํ͕ऩӹ཰͕௿͍ͱͷ݁Ռ










ϝΠϯόϯΫʹΑΔྲྀಈੑ੍໿ͷ؇࿨ ϝΠϯόϯΫʹΑΔྲྀಈੑ੍໿ͷ؇࿨ ϝΠϯόϯΫʹΑΔྲྀಈੑ੍໿ͷ؇࿨ ϝΠϯόϯΫʹΑΔྲྀಈੑ੍໿ͷ؇࿨ 
ϝΠϯόϯΫػೳͷݚڀʹଟେͳӨڹΛ༩͑ͨͷ͸ HoshiɺKashyap ͓Αͼ Scharfstein ͷҰ࿈ͷ
࿦จͰ͋ͬͨɻHoshi, Kashyap, and Scharfstein (1991) ͸ Nakatani (1984) ͷاۀ෼ྨج४Λ࠾༻͠ɺ






                                                          
3  ͜ͷλΠϓͷݚڀͱͯ͠ଞʹ Morck and Nakamura (1999)  ͕͋Δɻ  3 
Β͑ɺ·ͨ Tobin ͷ q ͷ୅ΘΓʹࢿۚௐୡͷίετؔ਺Λܭଌ͢ΔͳͲͷํ๏Ͱاۀͷྲྀಈੑ੍໿


























ϝΠϯόϯΫͷٹࡁػೳ ϝΠϯόϯΫͷٹࡁػೳ ϝΠϯόϯΫͷٹࡁػೳ ϝΠϯόϯΫͷٹࡁػೳ 
Ұൠʹ࢈ۀքͰ͸ɺ ϝΠϯόϯΫ੍౓͸आखاۀ͕ܦӦෆৼʹ௚໘ͨ͠ࡍʹٹࡁ͢ΔػೳΛ࣋ͭ
ͱ৴͡ΒΕ͖ͯͨɻHoshi, Kashyap, and Scharfstein (1990)  ͸ɺܦӦෆৼʹ௚໘ͨ͠اۀΛಛఆ͠ɺܥ
ྻμϛʔ΍࠷େ༥ࢿγΣΞͳͲͰଌΒΕΔϝΠϯόϯΫؔ܎ͷۓີ౓͕ܦӦෆৼ௚ޙͷઃඋ౤ࢿ
                                                          
4  ํ๏࿦తʹ͸ɺHoshi, Kashyap, and Scharfstein (1991)  ΍Ԭ࡚ɾງ಺ (1992) ͸ Fezzari, Hubbard, and Petersen 
(1988)  ʹجͮ͘ɻ Fezzari ୡ͸഑౰ੑ޲ʹج͍ͮͯاۀΛ෼ྨ͠ɺ഑౰ੑ޲ͷ௿͍اۀ΄Ͳ౤ࢿͷ಺෦ࢿۚґ
ଘ౓͕ߴ͍͜ͱΛࣔͨ͠ɻ൴Β͸͜ͷ݁ՌΛɺ಺෦ࢿۚ΁ͷґଘ౓͸৘ใͷඇରশੑͳͲʹΑͬͯੜͨ͡ྲྀ
ಈੑ੍໿Λද͍ͯ͠Δͱղऍͨ͠ɻ ͳ͓ɺ  Hoshi ୡͷ݁ՌΛࢧ࣋͠ͳ͍ݚڀ΋ଟ͍ɻ ྫ͑͹ Kaplan and Zingales 
(1997)  ͸ɺ౤ࢿͷྲྀಈੑײԠ౓͸ඞͣ͠΋اۀͷ௚໘͢Δࢢ৔ͷෆ׬શੑΛද͞ͳ͍͜ͱΛཧ࿦తʹࣔͨ͠
্Ͱɺ࣮ূ෦෼Ͱ͸ɺਂࠁͳ৘ใͷඇରশੑ໰୊΍ΤʔδΣϯγʔ໰୊ʹ௚໘͢ΔͱࢥΘΕΔاۀ͸ඞͣ͠
΋ྲྀಈੑ੍໿Λड͚ͳ͍ͱ͍͏݁ՌΛಘ͍ͯΔɻ·ͨ Hayasi (1997)  ͸ Hoshi ୡͷ݁ՌΛ౷ܭతʹ࠶ݕ౼͠ϝ
ΠϯόϯΫؔ܎Λ࣋ͨͳ͍اۀͷ౤ࢿ͕ߴ͘಺෦ࢿۚʹґଘ͢Δͱ͍͏܏޲͕؍࡯͞Εͳ͍ͱͷ݁ՌΛಘͨɻ
Hayasi ͸͜ͷҧ͍Λɺ  Hoshi ୡ͕اۀͷࢿຊετοΫͳ͍͠ Tobin ͷ q Λෆద੾ʹܭଌͨ͜͠ͱʹىҼ͢Δͱ






6 Jensen  (1986) ͷཧ࿦ʹΑΔͱɺ ଞͷ৚͕݅ಉҰͰ͋Ε͹ɺ ޮ཰తͳੜ࢈׆ಈʹඞཁͳֹҎ্ͷࢿۚΛ࣋ͭا
ۀʹ͓͍ͯ͸ܦӦऀʹΑΔΤΠδΣϯγʔ໰୊͕ൃੜ͠΍͍͢ɻ͔͠͠ɺҰൠతʹੜ࢈ੑɾऩӹੑͷߴ͍ا
ۀ΄Ͳ๛෋ͳݱۚͳ͍ۚ͠༥ࢿ࢈Λอ༗͍ͯ͠Δ఺Λߟ͑Ε͹ɺ໌Β͔ʹʮଞͷ৚͕݅ಉҰͰ͋Δʯͱ͍͏
૝ఆ͸ਖ਼͘͠ͳ͍ɻಉ͜͡ͱ͕ݚڀ։ൃඅ΍ྲྀಈࢿ࢈ൺ཰ʹ͍ͭͯ΋͍͑Α͏ɻ  4 
ʹ༗ҙʹਖ਼ͷӨڹΛٴ΅ͨ͠ͱͷ݁ՌΛಘͨɻ൴Β͸͜ΕΛɺϝΠϯόϯΫؔ܎͕ܦӦෆৼاۀͷ
ճ෮Λଅਐ͢Δূڌͱղऍͨ͠ɻ ٹࡁػೳʹؔ͢Δݚڀ͸͜ͷଞɺ ࣛ໺ (1994) ɺ޿ాɾٶౡ (2000) 
౳ɺ਺ଟ͋͘Δɻ 









ۜߦͷੜ࢈ੑʹؔ͢Δ࣮ূݚڀ ۜߦͷੜ࢈ੑʹؔ͢Δ࣮ূݚڀ ۜߦͷੜ࢈ੑʹؔ͢Δ࣮ূݚڀ ۜߦͷੜ࢈ੑʹؔ͢Δ࣮ূݚڀ 
ۜߦͷੜ࢈ؔ਺ɺඅ༻ؔ਺͋Δ͍͸ར५ؔ਺Λਪܭ͢Δ͜ͱʹΑͬͯͦͷن໛ɾൣғͷܦࡁੑΛ
ݕূͨ͠Γɺޮ཰ੑΛධՁͨ͠Γ͢Δݚڀ͕਺ଟ͘ߦΘΕ͖ͯͨɻઌߦݚڀͷαʔϕΠ͸౵Ҫ 
(2000)  ʹৡΔ͕ɺ͜ͷλΠϓͷݚڀͷ΄ͱΜͲ͸ۜߦͷ࢈ग़ྔΛିग़࢒ߴ ( ౵Ҫ 1988)ɺ༬ۚ࢒ߴ 

























ͳ͓ɺ ۜߦͷύϑΥʔϚϯεʹؔ͢Δݚڀ΋࠷͍͔ۙͭ͘ߦΘΕΔΑ͏ʹͳͬͨɻ ྫ͑͹Horiuchi 




                                                          




















͍ͮͯɺ0 ͔Β 1 ·Ͱͷؒͷ஋ΛͱΔ৹ࠪ෦ͷʮಠཱੑࢦඪʯΛ࡞੒ͨ͠ɻ࣮ূ෼ੳͰ͸ɺ96 ೥ 3
݄࣌఺Ͱެද͞Ε֤ͨۜߦͷෆྑ࠴ݖൺ཰Λඃઆ໌ม਺ͱ͠ɺۜߦ͕ػೳผ૊৫·ͨ͸ϫϯηοτ


























λΛ࡞੒͠ Bartel and Sicherman (1999) ͕ถࠃʹ͓͚Δ࢈ۀؒͷ௞ۚϓϨϛΞϜ֨ࠩͷݪҼΛௐ΂
ΔͨΊʹ࢖ͬͨख๏ʢTwo-Stage Double Fixed Effects ModelʣΛ౿ऻ͢Δ͜ͱʹΑΓɺͲͪΒͷޮՌ
͕࡞༻͍ͯ͠Δͷ͔Λࣝผ͢Δɻ 
 
̏ɽ৹ࠪ׆ಈͱआೖاۀͷύϑΥʔϚϯε ̏ɽ৹ࠪ׆ಈͱआೖاۀͷύϑΥʔϚϯε ̏ɽ৹ࠪ׆ಈͱआೖاۀͷύϑΥʔϚϯε ̏ɽ৹ࠪ׆ಈͱआೖاۀͷύϑΥʔϚϯε 
ຊઅͰ͸ɺआೖۚརΛ͸͡Ίͱ͢ΔଞͷཁҼΛίϯτϩʔϧͨ͠͏͑Ͱ΋ɺ׆ൃͳ৹ࠪ׆ಈΛߦ
͏ۜߦΛϝΠϯόϯΫʹ࣋ͭاۀ΄ͲࣄޙతͳύϑΥʔϚϯε͕ྑ޷Ͱ͋Δ͔൱͔Λݕূ͢Δɻ 
ิ࿦ 1 ͷཧ࿦ϞσϧͰࣔͨ͠Α͏ʹɺ ۜߦͱاۀͷ࠷దߦಈΛલఏͱͨ͠ିग़ࢢ৔ͷۉߧʹ͓͍
ͯ͸ɺۜߦͷ৹ࠪ׆ಈ͕બผޮՌɺʢआखͷʣύϑΥʔϚϯεվળޮՌ͍ͣΕͷޮՌΛ࣋ͭ৔߹ʹ
΋ɺۜߦ j ͔Β༥ࢿΛड͚Δاۀ i ͷࣄޙతͳ૯ࢿ࢈ऩӹ཰ yi,jͱɺۜߦ j ͷ৹ࠪମ੍ͷॆ࣮౓ϵjɺ
आೖۚར ri,j




j i i j j i j i j j i u w L r g y , , , , ) , , , ( + Γ = n ,  
 















 ͱ౰֘ିग़ֹ Li,jͷݮগؔ਺ͱͳΔɻ 
զʑ͸(1)ࣜΛઢܗۙࣅ͠ɺλΠϜμϛʔΛઆ໌ม਺ʹՃ͑ͨ࣍ࣜΛਪఆࣜͱͨ͠ɻ 
 
(2)  1 , , , , , , , , 1 , , + + + + + + + + Γ + = t j i t t i t j t j i t j i j t j i L r y ε λ θ η δ γ β α TDUM w n  
 
ඃઆ໌ม਺ yi,,,j,t+1͸ɺ ϝΠϯόϯΫΛ j ͱ͢Δاۀ i ͷ t+1 ೥౓ͷӦۀརӹɾ૯ࢿ࢈ൺ཰ ʢˋදࣔʣ
Ͱ͋Δɻϵj͸ۜߦͷ৹ࠪମ੍ͷॆ࣮౓Λ͋ΒΘ͢ม਺Ͱ͋Γɺ࣌ؒΛ௨ͯ͡ҰఆͱԾఆͨ͠ɻri,̹,t
 
͸اۀ i ͷۜߦ j ͔Βͷआೖۚརʢˋදࣔʣɺ L i,,j,,t͸ۜߦͷن໛Ͱඪ४Խͨ͠౰֘ିग़ͷن໛Λ͋
ΒΘ͢ɻ L i,j,t͸ t ೥౓ʹ͓͚Δۜߦ j ͷ૯ିग़ֹʢ100 ສԁ୯Ґʣʹର͢Δاۀ i ΁ͷ༥ࢿֹͷൺ཰
Ͱఆٛ͞ΕΔɻϕΫτϧ nj,,t ͸ϝΠϯόϯΫͷ৹ࠪೳྗͷਫ४Λنఆ͢Δͦͷଞͷม਺Ͱ͋Δɻϕ
Ϋτϧ wi,,t͸اۀ i ͷ t  +1 ೥౓ʹ͓͚ΔऩӹੑΛنఆ͢Δͱߟ͑ΒΕΔ̓೥ʹ͓͚Δاۀͷ༷ʑͳ






                                                          
8  اۀμϛʔΛՃ͑ͨݻఆޮՌϞσϧʹ͍ͭͯ͸࣍અ͓Αͼ஫ 12 Ͱٞ࿦͢Δɻ  7 






















Δɻຊ෦૊৫μϛʔ͕ 1 ͷۜߦ͸ 0 ͷۜߦʹൺ΂ͯ৹ࠪମ੍͕ॆ࣮͍ͯ͠Δͱ͢Ε͹ɺͦͷਪఆ܎
਺͸ਖ਼ʹͳΔ͸ͣͰ͋Δɻ 
ϕΫτϧ nj,,t͸ϝΠϯόϯΫͷ৹ࠪೳྗͷਫ४Λنఆ͢Δͦͷଞͷม਺Ͱ͋Δɻ զ͕ࠃͰ͸ɺ 1980
೥୅ʹ௚઀ۚ༥ʹؔ͢Δن੍؇࿨͕ਐΈɺ༏ྑͳେاۀΛத৺ʹແ୲อࣾ࠴ͷൃߦ౳ɺۜߦʹґଘ











ઌʹ΋ड़΂ͨΑ͏ʹϕΫτϧ wi, t͸اۀ i ͷऩӹੑΛنఆ͢Δͱߟ͑ΒΕΔ t ೥౓ʹ͓͚Δاۀ
ͷ༷ʑͳଐੑΛ͋ΒΘ͢ɻاۀͷଐੑͱͯ͠ɺΨόφϯεߏ଄ม਺ʢ۩ମతʹ͸ 10 େ࣋גൺ཰ɺ







اۀ౗࢈݅਺͸ 20 ݅ɺళ಄اۀ͕؍ଌ஋ʹؚ·ΕΔ 1996-97 ೥ͷళ಄اۀ౗࢈݅਺͸ 6 ݅Ͱ͋ͬͨʣɺ͜Ε
Βͷํ๏͸औΒͳ͔ͬͨɻԾʹఇࠃσʔλόϯΫͷσʔλϕʔεͷΑ͏ʹະ্৔اۀͷ౗࢈ʹؔ͢Δσʔλ






ϯεʹӨڹͨ͠Մೳੑ͕͋ΔͨΊɺିग़݅਺/૯ିग़ֹʹ͍ͭͯɺt ೥౓ʹ͓͚Δاۀ i ͷऔҾઌۜ
ߦͷฏۉ஋Λઆ໌ม਺ʹՃ͑ͨɻ 
λΠϜɾμϛʔ͸ɺܠؾ॥؀౳ϚΫϩతͳγϣοΫΛίϯτϩʔϧ͢ΔͨΊʹՃ͑ͨɻ 
ද 1 ͸ਪܭʹ࢖༻ͨ͠ม਺ͷओͳ౷ܭྔΛ͍ࣔͯ͠Δɻ 
ϝΠϯόϯΫͷ৹ࠪମ੍ॆ࣮౓ͷࢦඪͱͯ͠৹ࠪਓһൺ཰Λ࢖ͬͨ৔߹ͷ(2)ࣜͷਪఆ݁Ռ͕ද2
ύωϧ A ʹ·ͱΊͯ͋Δɻؤ݈ੑΛ֬ೝ͢ΔͨΊɺશ࢈ۀΛର৅ͱͨ͠৔߹͚ͩͰͳ͘ɺ੡଄ۀͱ








































զʑ͸ Bartel and Sicherman (1999) ͕ถࠃʹ͓͚Δ࢈ۀؒͷ௞ۚϓϨϛΞϜ֨ࠩͷݪҼΛௐ΂Δ





























೥Ͱ 1,118 ࣾɺ97 ೥Ͱ 1,703 ࣾɺશظؒͰԆ΂ 15,809 αϯϓϧʣͷ͏ͪɺ11 ೥ؒʹϝΠϯόϯΫΛ









                                                          









(3)  1 , , , , , , , , , 1 , , + + + + + + + + + + = t j i t i i t t i t j t j i t j i t j i x r y ω σ µ λ θ η δ γ α d TDUM w n  
 
લઅͷਪఆࣜ(2)ͱಉ͘͡ɺඃઆ໌ม਺ yi,,j,,t+1͸ɺϝΠϯόϯΫΛ j ͱ͢Δاۀ i ͷ t+1 ೥౓ͷӦۀར
ӹɾ૯ࢿ࢈ൺ཰ɺri,,j,,t
 ͸اۀ i ͷۜߦ j ͔ΒͷआೖۚརʢฏۉआೖۚརͰ୅༻ʣɺ L i,,j,,t͸ۜߦͷن
໛Ͱඪ४Խͨ͠౰֘ିग़ͷن໛ɺϕΫτϧ nj,,t ͸ϝΠϯόϯΫͷ৹ࠪೳྗͷਫ४Λنఆ͢Δͦͷଞ
ͷม਺ɺϕΫτϧ wi,,t͸اۀ i ͷ t  +1 ೥౓ʹ͓͚ΔऩӹੑΛنఆ͢Δͱߟ͑ΒΕΔاۀͷ༷ʑͳଐ
ੑɺTDUMt͸λΠϜɾμϛʔɺТi,,j,,t+1͸ޡ߲ࠩʢi.i.d.ʣΛͦΕͧΕ͋ΒΘ͢ɻ 
৽͍͠ม਺Жi͸اۀϓϨϛΞϜʹରԠ͢ΔݻఆޮՌɺ di,,t͸ϝΠϯόϯΫΛ̍ͱ͢Δμϛʔม਺ɺ
М М М М͸ۜߦϓϨϛΞϜΛଊ͑ΔϕΫτϧͰ͋ΔɻاۀͱۜߦͷϓϨϛΞϜ͸ͱ΋ʹ࣌ؒΛ௨ͯ͡Ұఆ
ͱԾఆ͍ͯ͠Δɻ 







(4)  ˆ  µ  i = ρ 1 + ρ 2 ˜  Γ  i + τ i 
 





਺͸(̏)ࣜͷਪܭʹ͓͚Δۜߦj ͷϓϨϛΞϜМͷਪܭ݁Ռɺ ϵj͸ۜߦ j ͷ৹ࠪମ੍ॆ࣮౓ͷࢦඪɺ
aj͸ۜߦ j ͷۀଶμϛʔΛ͋ΒΘ͢ɻ(4)ɺ(5)ࣜͷඃઆ໌ม਺͸(3)ࣜͰਪఆ͞Εͨ܎਺Ͱ͋Δ͜ͱΛ
ߟྀͯ͠ɺਪܭ஋ͷඪ४ภࠩͷٯ਺Λ΢ΤΠτͱͯ͠Ճॏ࠷খೋ৐๏Ͱਪఆͨ͠ɻاۀϓϨϛΞϜ









                                                          
14  ͳ͓ຊઅͷ݁࿦௨ΓɺબผޮՌͷΈ͕ػೳ͠ɺ͔͠΋બผޮՌΛੜͤ͡͞Δاۀʹݻ༗ͷଐੑ͕࣌ؒΛ௨
ͯ͡ҰఆͰ͋Δ৔߹ʹ͸ɺલઅͷਪఆࣜͰ͋Δ(̎)ࣜʹاۀμϛʔΛՃ͑ΔͱϝΠϯόϯΫͷ৹ࠪਓһൺ཰͕
༗ҙͰͳ͘ͳΔ͸ͣͰ͋Δɻզʑ͸͜ͷਪఆ΋ࢼΈ͕ͨɺ΍͸Γ͜ͷͱ͓Γͷ݁ՌΛಘͨɻ  11 
 









































ΕΔɻ  12 
























2 ظؒϞσϧΛ૝ఆ͢Δɻ֤اۀ͸ୈ 0 ظʹۜߦ͔ΒआೖΕͯ౤ࢿΛߦ͍ɺୈ 1 ظʹआೖΛฦࡁ
͢Δͱ͢Δɻ֤اۀ̸͸౤ࢿʹඞཁͳࢿۚΛશͯआೖΕͰ·͔ͳ͍ɺ·ͨඞཁͳ౤ࢿͷͨΊʹඞཁ
ͳࢿֹ̡ۚ i ͸༩݅ͱ͢Δɻ 
اۀ i ͕ۜߦ̹͔ΒआೖΕΛߦͬͨ৔߹ͷɺୈ 1 ظʹ͓͚Δ࠴຿ฦࡁલͷ૯Ձ஋͸࣍ࣜͰ͋ΒΘ
͞ΕΔͱ͢Δɻ 
Li exp(mi + ui)  
ͩͨ͠ɺ౤ࢿͷऩӹ཰ mi +uiͷ͏ͪɺmi  ͸اۀʹݻ༗ͷऩӹੑܾఆཁҼΛɺui͸ୈ 0 ظʹ͸࣮ݱ஋
͕ະ஌ͷ֬཰ม਺Λ͋ΒΘ͢ɻ m i  ͸౰֘اۀࣗ਎ʹ͸ط஌͕ͩɺۜߦʹ͸ະ஌ͷ஋ͱ͢Δɻui ͸
ඪ४ภࠩМɺظ଴஋ 0 ͷਖ਼ن෼෍ʹै͏ͱ͠ɺີ౓ؔ਺Λ f (ui )  ͱ͢Δɻ 
اۀʹݻ༗ͷऩӹੑܾఆཁҼ mi  Λۜߦ͕஌ΔͨΊʹ͸ɺ ۜߦ j ͕৹ࠪΛߦ͏ඞཁ͕͋Δɻ ͳ͓ɺ
ିग़Λਃ͠ࠐΜͩاۀʹ͸શͯແ৹ࠪͰߴརͰିग़Λߦ͏Α͏ͳϓʔϦϯάۉߧ͸ଘࡏ͠ͳ͍ͱ
͢Δɻ৹ࠪͷ࣮ߦʹ͸ۜߦ͕අ༻ C  (   )ΛඃΔɻ৹ࠪඅ༻͸ɺ༩݅ͱԾఆ͢Δۜߦͷ΋ͭ৹ࠪೳྗ
ͷਫ४ Zj͚ͩͰͳ͘ɺاۀͷଐੑʹ΋ґଘ͢Δͱߟ͑ΒΕΔɻͨͱ͑͹৽͍͠ࣄۀΛӦΜͰ͍Δا
ۀ΍ݚڀ։ൃ׆ಈΛ׆ൃʹߦ͍ͬͯΔاۀʹ͍ͭͯ͸ɺ৹ࠪΛߦ͏͜ͱ͸ࠔ೉Ͱ͋Γɺେ͖ͳ৹ࠪ





ۜߦ j ͷ৹ࠪೳྗͷਫ४ ZjΛ࣍ͷؔ਺Ͱ͋ΒΘ͢ɻ 
Zj = Z(Γ j,nj)  
·ͨ৹ࠪඅ༻ؔ਺Λ࣍ࣜͰද͢ɻ  13 
Ci
j = C(Zj,vi) 
ͳ͓ɺϵjɺviɺ͓Αͼ njΛશͯͷاۀ͓Αͼۜߦ͸஌͍ͬͯΔͱ͢Δɻ৹ࠪඅ༻ؔ਺͸ 2 ճඍ෼Մ
ೳͳؔ਺Ͱ͋ΓҎԼͷ৚݅Λຬͨ͢ͱԾఆ͢ΔɻC( )͸ viͷ૿Ճؔ਺ͱ͢Δɻ·ͨɺ৹ࠪମ੍ͷॆ





















< 0  
Ҏ্ͷԾఆΛஔ͘ͱɺ ༩͑ΒΕͨ৹ࠪͷࠔ೉͞ͷఔ౓ͷ΋ͱͰ৹ࠪඅ༻ͱ৹ࠪೳྗͷਫ४ Zjͷؔ
܎͸ਤ 1 ͷΑ͏ʹද͞ΕΔɻͳ͓ɺӈ্ͷۂઢ͸ࠨԼͷͦΕʹൺ΂ͯɺΑΓ৹ࠪͷࠔ೉ͳاۀͷ৔




(A1)   Z = γ (v)  
Ͱ͋ΒΘ͢ɻզʑͷԾఆͷ΋ͱͰІ(  )͸૿Ճؔ਺Ͱ͋Δɻ 
ۜߦ̹͕اۀ i ʹିग़ۚ͢རΛ ri
 jͱ͢Δͱɺاۀ i ͕आೖΕͯ౤ࢿΛߦͬͨ৔߹ʹ༧૝͞ΕΔୈ
1 ظͷར५ͷୈ 0 ظʹ͓͚Δظ଴஋͸࣍ࣜͰද͞ΕΔɻ 
 








i i i i du u f r u m L ) ( )} exp( ) {exp(  
Ұํɺ ۜߦj͕͜ͷିग़ʹΑΓୈ1ظʹಘΔརӹͷୈ0ظʹ͓͚Δظ଴஋͸࣍ࣜͰ͋ΒΘ͞ΕΔɻ
17 
( A 3 )      
) exp( )) , ( (
) ( ) exp( ) ( ) exp(






i i i i i
r v Z C A L










∞ −  
ୈҰͷੵ෼͸اۀ͕ฦࡁෆೳʹͳͬͨ৔߹ʹۜߦ͕ճऩͰ͖ΔֹΛɺ ୈೋͷੵ෼͸༧ఆ௨Γฦࡁ
͞Εͨ৔߹ͷճऩֹΛ͋ΒΘ͢ɻA ͸ିग़Λߦ͏ࡍʹੜ͡Δݻఆඅɺrm͸ۜߦʹͱͬͯͷࢿۚίε
τʹ͋ͨΔίʔϧࢢ৔ͰͷۚརɺC ( )͸৹ࠪ׆ಈʹ൐͏අ༻Λ͋ΒΘ͢ɻ 







                                                          
17  ৹ࠪ׆ಈʹ͓͍ͯࠞࡶݱ৅͕ੜͨ͡Γɺٯʹൣғͷܦࡁ͕ಇ͘৔߹ʹ͸ɺ͋Δاۀ΁ͷିग़͸ଞاۀ΁ͷ
ିग़ͷ৹ࠪίετΛมԽͤ͞Δ͜ͱΛ௨ͯ͡΋ۜߦͷऩӹʹӨڹ͢ΔɻҎԼͰ͸୯७ԽͷͨΊ͜ͷޮՌ͸ແ









0 ) exp( )) , ( (
) ( ) exp( ) ( ) exp(
= + + −











i i i i i
r v Z C A L








 j͸اۀͷݻ༗ͷऩӹੑܾఆཁҼ mi  ɺ౰֘اۀΛ৹ࠪ͢Δ͜ͱͷࠔ
೉͞ͷఔ౓￿ i  ɺ ͓Αͼିग़ֹ Liʹґଘܾͯ͠·Δ͜ͱ͕Θ͔Δɻ ͜ͷؔ܎Λ࣍ͷؔ਺Ͱ͋ΒΘ͢ɻ 
(A5)   r i
j = r(mi,vi,Li)  
(A5)ࣜʹ͓͍ͯɺاۀͷݻ༗ͷऩӹੑܾఆཁҼ mi  ͕ߴ͍΄Ͳۜߦͷظ଴ར५͕େ͖͘ͳΔͨΊି






ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ 
اۀͷࣄޙతͳऩӹ཰ mi +uiͱۜߦͷ৹ࠪ׆ಈͷؔ܎Λ࣮ূ෼ੳ͢Δࡍʹ͸ɺاۀʹݻ༗ͷऩӹੑ
mi͓ΑͼاۀΛ৹ࠪ͢Δ͜ͱͷࠔ೉͞ͷఔ౓￿ i͕௚઀؍࡯Ͱ͖ͳ͍͜ͱ͕ো֐ͱͳΔɻ ͔͠͠(A5)
ࣜ͸ɺmiΛ؍࡯Մೳͳม਺͓Αͼ￿ iͷӄؔ਺ͱͯ͠نఆ͍ͯ͠Δɻӄؔ਺ͷఆཧΑΓɺmiΛ￿ i  ɺ
ri
 jɺLiͷඍ෼Մೳͳؔ਺ͱͯ͋͠ΒΘ͢͜ͱ͕Ͱ͖Δɻ͜ΕΛؔ਺̼( )ͱ͢Δɻ 
(A6)   mi = m(vj,r i
j,Li)  
ؔ਺ m( )͸࣍ͷੑ࣭Λ࣋ͭɻ 
(A7)    
∂ m
∂ vj
> 0  
(A8)    
∂ m
∂ r i
j < 0  





 jͱ Li͕ಉҰͳΒ￿ i  ͕ߴ͍ɺ ͭ·Γ৹͕ࠪࠔ೉ͳاۀ΄Ͳͦͷݻ༗




 j͕ߴ͘ͳ͍ͷ͸ɺاۀݻ༗ͷऩӹੑ mi  ͕ߴ͍ͨΊۜߦ͕ߴ͍ି
ग़ऩӹ͕ظ଴Ͱ͖Δͱਪଌ͞ΕΔ͔ΒͰ͋Δɻ  ￿  i  ͸௚઀؍࡯͢Δ͜ͱ͕ࠔ೉ͳม਺ͱߟ͑ΒΕΔɻ
͔͠͠ɺ࣌ؒΛ௨ͯ͜͡ͷ஋͕มΘΒͳ͍ͱ͢Ε͹اۀμϛʔͰ୅͑Δ͜ͱ͕Ͱ͖Δɻ·ͨ(A1)ࣜ




 jͷؒʹෛͷؔ܎͕͋Δͷ͸ɺ mi͕ߴ͍΄Ͳۜߦͷظ଴ऩӹ͕େ͖͘ɺ (A4)
ࣜͷԾఆͷ΋ͱͰɺۜߦ͸ିग़ۚརΛ௿͘͢Δ͜ͱΛഭΒΕΔͨΊͰ͋Δɻ  15 


















 j  ͱ Liͷݮগؔ਺ͱߟ͑Β
ΕΔɻ·ͨ￿ i͸ Zj ͷ૿Ճؔ਺Ͱ͋ΔɻҎ্·ͱΊΕ͹ɺاۀͷࣄޙతͳύϑΥʔϚϯε͸࣍ࣜͰ
༩͑ΒΕΔɻ 
(A11)   mi + ui = g1(Γ j,nj,r i
j, Li) + ui 
ؔ਺ g1(  )͸৹ࠪମ੍ͷॆ࣮౓ϵjͷ૿Ճؔ਺Ͱ͋Γɺआೖۚར ri
 j  ͱ౰֘ିग़ֹ Liͷݮগؔ਺Ͱ͋
Δɻ 
 
ύϑΥʔϚϯεվળޮՌϞσϧ ύϑΥʔϚϯεվળޮՌϞσϧ ύϑΥʔϚϯεվળޮՌϞσϧ ύϑΥʔϚϯεվળޮՌϞσϧ 
࣍ʹ৹ࠪ׆ಈ͕ύϑΥʔϚϯεվળޮՌΛ࣋ͭ৔߹ΛϞσϧԽ͠Α͏ɻ 
બผޮՌϞσϧͱಉ͘͡ 2 ظؒϞσϧΛ૝ఆ͢Δɻ ֤اۀ͸ୈ 0 ظʹۜߦ͔ΒआೖΕͯ౤ࢿΛߦ
͍ɺୈ 1 ظʹआೖΛฦࡁ͢Δͱ͢Δɻ֤اۀ̸͸౤ࢿʹඞཁͳࢿۚΛશͯआೖΕͰ·͔ͳ͍ɺ·ͨ
ඞཁͳआೖֹ̡ i ͸༩݅ͱ͢Δɻ 








اۀ i ͕ۜߦ̹͔ΒआೖΕΛߦͬͨ৔߹ͷɺୈ 1 ظʹ͓͚Δ࠴຿ฦࡁલͷ૯Ձ஋͸࣍ࣜͰ͋ΒΘ
͞ΕΔͱ͢Δɻ 
Li exp(mi + ψ j + ui)  
ͩͨ͠ɺ౤ࢿͷऩӹ཰ mi +Сj +uiͷ͏ͪɺmi  ͸اۀʹݻ༗ͷऩӹੑܾఆཁҼΛɺСj͸ۜߦ j ͷ৹ࠪ
׆ಈʹΑͬͯ౤ࢿͷऩӹ཰͕ߴ·ΔཁҼΛɺui͸ୈ 0 ظʹ͸࣮ݱ஋͕ະ஌ͷ֬཰ม਺Λ͋ΒΘ͢ɻ 
mi  ͸اۀ͓Αͼશͯͷۜߦʹͱͬͯط஌ͷ஋ͱ͢Δɻui͸ඪ४ภࠩМɺظ଴஋ 0 ͷਖ਼ن෼෍ʹै͏
ͱ͠ɺີ౓ؔ਺Λ f (ui )  ͱ͢Δɻ৹ࠪ׆ಈͷد༩Сj͸ਖ਼ͷ஋ΛͱΓɺۜߦ̹ͷ৹ࠪମ੍ͷॆ࣮౓ϵ
j͕ڧ͍΄Ͳେ͖͍ͱ͢ΔɻҎԼͰ͸͜ΕΛ࣍ͷؔ਺Ͱ͋ΒΘ͢ɻ 
ψ j = ψ (Γ j,nj) 
nj͸ۜߦͷ৹ࠪೳྗΛنఆ͢ΔଞͷཁҼΛ͋ΒΘ͢ɻ 
ۜߦ̹͕اۀ i ʹିग़ۚ͢རΛ ri
 jͱ͢Δͱɺاۀ i ͕ିग़Λड͚ͯ౤ࢿΛߦͬͨ৔߹ʹ༧૝͞Ε
Δୈ 1 ظͷར५ͷୈ 0 ظʹ͓͚Δظ଴஋͸࣍ࣜͰ͋ΒΘ͞ΕΔɻ 
[Li {exp(mi + ψ j + ui)− exp(ri
j)}f (ui)dui
r
ji − mi− ψ j
+∞
∫ ]exp(− rm)  
Ұํɺ ۜߦj͕͜ͷିग़ʹΑΓୈ1ظʹಘΔརӹͷୈ0ظʹ͓͚Δظ଴஋͸࣍ࣜͰ͋ΒΘ͞ΕΔɻ  16 
(A12) 
Li exp(mi + ψ j + ui)f(ui)dui
−∞
r j
i − mi − ψ j
∫ + Li exp(ri
j)f (ui)dui
r j
i − mi − ψ j
+∞
∫




τʹ͋ͨΔίʔϧࢢ৔ͰͷۚརɺC ( )͸৹ࠪ׆ಈʹ൐͏අ༻Λ͋ΒΘ͢ɻC ( )͸৹ࠪମ੍ͷॆ࣮౓
ϵjͷ૿Ճؔ਺ͱߟ͑ΒΕΑ͏ɻ 










ར५͕اۀͷཹอར५Ͱ͋Δͱߟ͑Α͏ɻ͢ͳΘͪاۀ̸ͷཹอར५̧ I ͸࣍ࣜͰఆٛ͞ΕΔɻ 






(A14)     
Li exp(mi + ui)f (ui)dui
−∞
r*i − mi




− (Li + A)exp(r m) = 0
 
͜ͷ 2 ͭͷࣜΑΓɺاۀ i ͷཹอར५͸࣍ࣜͰදݱͰ͖Δ͜ͱ͕Θ͔Δɻ 
(A15)     Ri = Li exp(mi + ui)f (ui)dui
−∞
+∞
∫ − (Li + A)exp(r m) 
ઌʹ΋ड़΂ͨΑ͏ʹ৹ࠪΛߦ͏ۜߦ̹͸आखͷར५͕ͪΐ͏Ͳͦͷཹอར५ͱ౳͘͠ͳΔਫ४
ʹିग़ۚརΛઃఆ͢Δͱզʑ͸ߟ͍͑ͯΔɻ ैͬͯɺ ۉߧʹ͓͚Δିग़ۚར ri
 j͸࣍ࣜΛຬͨ͢ਫ४
ʹܾ·Δɻ 
(A16)      




i − mi − ψ j
+∞
∫
= Li exp(mi + ui)f(ui)dui
−∞
+∞
∫ − (Li + A)exp(rm)
 
ۉߧିग़ۚར ri
 j͸اۀͷݻ༗ͷऩӹੑܾఆཁҼ mi  ɺۜߦͷ৹ࠪ׆ಈʹΑΔاۀऩӹ΁ͷد༩Сjɺ
͓Αͼିग़ֹ̡ iʹґଘܾͯ͠·Δɻ͜ͷؔ܎Λ࣍ͷؔ਺Ͱ͋ΒΘ͢ɻ 
(A17)      r i
j = r(mi,ψ j,Li)  
(A16)ࣜʹΑΕ͹ɺاۀͷݻ༗ͷऩӹੑܾఆཁҼ mi  ͕ߴ͍΄Ͳاۀͷަবྗ͕ڧ͍ͨΊିग़ۚར͸
௿͘ͳΔɻ Ұํۜߦͷ৹ࠪ׆ಈʹΑΔاۀऩӹ΁ͷد༩Сj͕େ͖͍΄Ͳɺ ିग़ۚར ri









ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ ਪఆࣜͷಋग़ 
اۀͷࣄޙతͳऩӹ཰ mi +Сj +uiʹۜߦͷ৹ࠪ׆ಈ͕༩͑ΔӨڹΛ࣮ূ෼ੳ͢Δࡍʹ͸ɺاۀʹ
ݻ༗ͷऩӹੑ mi͕௚઀؍࡯Ͱ͖ͳ͍͜ͱ͕ো֐ͱͳΔɻ͔͠͠(A16)ࣜʹΑΕ͹ɺmi͸؍࡯Մೳͳ




(A18)   B = exp(mi + ui)f (ui)dui −
−∞
+∞
∫ exp(mi + ψ j + ui)f(ui)dui
r j
i − mi − ψ j
+∞




       




i − mi − ψ j
+∞
∫
− Li exp(mi + ui)f(ui)dui
−∞
+∞
∫ − (Li + A)exp(rm)
 
Њ͸ miɺС̹ɺ r i
 jɺLiͷे෼ʹ׈Β͔ͳؔ਺Ͱ͋Γɺ(A18)ࣜͷԾఆͷ΋ͱͰ miʹ͍ͭͯڧ୯ௐݮ
গͰɺे෼ʹখ͞ͳ mi  ͷ΋ͱͰЊ>0ɺे෼ʹେ͖ͳ mi  ͷ΋ͱͰЊ<0 ͕੒Γཱͭɻैͬͯɺ(A16)
ࣜΑΓɺӄؔ਺ͷఆཧΛ࢖ͬͯ miΛС̹ɺ r i
 jɺLiͷඍ෼Մೳͳؔ਺ͱͯ͋͠ΒΘ͢͜ͱ͕Ͱ͖Δɻ
͜ΕΛؔ਺̼( )ͱ͢Δɻ 
(A19)     mi = m(ψ j,r
i
j,Li) 
ؔ਺ m( )͸࣍ͷੑ࣭Λ࣋ͭɻ 









exp(mi + ψ j + ui)f(ui)dui
r j























< 0   18 





















 j͕ߴ͘ͳ͍ͷ͸ɺاۀݻ༗ͷऩӹੑ mi  ͕ߴ
͘اۀ͕ڧ͍ަবྗΛ࣋ͭͨΊͱਪଌ͞ΕΔɻ 
(A21)ࣜͷΑ͏ʹ miͱ ri
 jͷؒʹෛͷؔ܎͕͋Δͷ͸ɺ m i͕ߴ͍΄Ͳاۀͷཹอར५͕େ͖͘ɺ
(A18)ࣜͷԾఆͷ΋ͱͰɺۜߦ͸ିग़ۚརΛ௿͘͢Δ͜ͱΛഭΒΕΔͨΊͰ͋Δɻ 




 j͕௿͘ͳ͍ͷ͸ɺ اۀݻ༗ͷऩӹੑ mi  ͕௿͘اۀͷަবྗ͕ऑ͍ͨΊͱਪଌ͞ΕΔɻ  
(A19)ࣜΛ࢖͑͹ɺاۀͷࣄޙతͳऩӹ཰ͱିग़ۚར΍ۜߦͷ৹ࠪମ੍ͷॆ࣮౓౳ɺ؍࡯Մೳͳ
ม਺ͷؒʹҎԼͷؔ܎͕ࣜಘΒΕΔɻ 
(A23)     mi + ψ j + ui = m(ψ (Γ j,nj),ri
j,Li)+ ψ (Γ j,nj )+ ui 
Ҏ্·ͱΊΕ͹اۀͷࣄޙతͳऩӹ཰͸࣍ࣜͰද͞ΕΔɻ 
(A24)     mi + ψ j + ui = g2(Γ j,nj,r
i
j,Li)+ ui 
͜Ε·Ͱͷߟ࡯ΑΓɺؔ਺ g2(  )͸ϵIͷ૿Ճؔ਺Ͱɺri
 j  ͱ Liͷݮগؔ਺ͱߟ͑ΒΕΔɻ 
 





اۀ͕ۜߦʹରͯ͠ަব্༏Ґʹཱͭ৔߹ʹ͸ɺ ିग़ۚར͸(A11)ࣜͰ͋ΒΘ͞Εͨۜߦ j ͷར५
͕θϩͱͳΔਫ४ʹઃఆ͞ΕΔͱߟ͑ΒΕΔɻ 
(A25) 
Li exp(mi + ψ j + ui)f(ui)dui
−∞
r j
i − mi − ψ j
∫ + Li exp(ri
j)f (ui)dui
r j
i − mi − ψ j
+∞
∫




؆୯ʹΘ͔ΔΑ͏ʹ mi+С̹Λ༩݅ͱ͢Δͱ(A25)ࣜࠨล͸ ri  ͱ Liͷ૿Ճؔ਺Ͱ͋Γɺ ۜߦͷ৹ࠪ
׆ಈͷඅ༻ C(  )ͷݮগؔ਺Ͱ͋Δɻ·ͨࠨล͸ mi+С̹ʹ͍ͭͯे෼ʹ׈Β͔ͳؔ਺Ͱ͋Γɺେ͖
ͳ mi+С̹ͷ΋ͱͰਖ਼ɺখ͞ͳ mi+С̹ͷ΋ͱͰෛͷ஋ΛऔΔɻैͬͯɺاۀͷࣄޙతͳऩӹ཰ͱି
ग़ۚར΍ۜߦͷ৹ࠪ׆ಈͷఔ౓౳ɺ؍࡯Մೳͳม਺ͷؒʹҎԼͷؔ܎͕ࣜಘΒΕΔɻ 
(A26)    mi + ψ j + ui = h(ri
j,Li,C(Γ j,nj ))+ ui  
f (ɾ)͸ ri
 jͱ Liͷݮগؔ਺Ͱ͋Γɺۜߦͷ৹ࠪඅ༻ C(  )ͷ૿Ճؔ਺Ͱ͋ΔɻҎ্·ͱΊΕ͹اۀ
ͷࣄޙతͳऩӹ཰͸࣍ࣜͰද͞ΕΔɻ 
(A27)     mi + ψ j + ui = g3(Γ j,nj,r
i
j,Li) + ui 
͜Ε·Ͱͷߟ࡯ΑΓɺؔ਺ g3(  )͸ϵIͷ૿Ճؔ਺Ͱɺri
 j  ͓Αͼ Liͷݮগؔ਺ͱߟ͑ΒΕΔɻ  19 
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